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(57) Abstract: A method for preparing a 
fullerene derivative, wherein a fullerene 
derivative having a group capable of liberating a 
proton introduced to a carbon atom constituting 
the fullerene molecule is formed by using a 
halogenated fullerene formed by halogenating a 
fullerene molecule as a precursor; a method for 
preparing a polymerized fullerene derivative, 
wherein a plurality of fullerene molecules are 
reacted with an aromatic compound molecule 
to form a polymer comprising a plurality 
of fullerene molecules which are bound to 
one another via the aromatic group of the 
aromatic compound; a novel and useful proton 
conductor obtained by using the method; and an 
electrochemical device, such as a fuel cell, using 
the proton conductor. The above methods allow 
the efficient preparation of a fullerene having 
OH groups or S0 3 H groups such as fullerenol 
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suitable as a proton conductor. A fullerene derivative prepared by these production methods acts as a proton conductor. The electro- 
chemical device is free from the restriction of atmosphere and thus can be miniaturized and simplified. 

(57) mm-. 

^tzmmmmmom^it^TA^ x*m.@kirz>. y?-u>ft?*/\ay>itis 

mm?\zy°u h>mm^om^mx^nrzy^-\y>mmw^±^^. 77- 
u>mmfccDm&jjm a %fc, m.Wim(Dy^-]y>mmw^mmit^mt:Km 

mm&nmmjjmo ^n^comm^miz^-oxm^rL^y^-uymm^itya 
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mi 5 Awaikzsi& i 5 Bmiz^^n^yy-uy^c.o^c^m^ i 9 8 

T^KlfgjlStl (Kroto, H. W. ; Heath, J. R. ; 0' Brien, S. C. ; Curl, R. 
F. ; Smalley, R. E. Nature 1985. 318, 162. ) , Ifc5^©l 9 9 O^te 

^fe, yy-uy^^m^ir^mmm^iz, m$kcD7m&&ttmis remit* 
j# o it & m & & # u tK®! it y ? - u > (iiifc r 7 7 w ; - ^ 

(Fullerenol) j ^P?^nT*5D> i^T> 77l//-Jl/i»t§) tt, 1992 
Chiang 6te«toT«aiKl'&ri6«5&«a*Snfc (Chiang, L. Y. ; 
Swirczewski, J. W. ; Hsu, C. S. ; Chowdhury, S. K. ; Cameron, S. ; 
Creegan, K. J. Chem. Soc, Commun. 1992, 1791 3SttK Chiang, L. Y. ; Wang, L. 
Y. ; Swirczewski, J. W. ; Soled, S. ; Cameron, S. J. Org. Chem. 
1994,59,3960) „ ^fl£A&. -Jtfil^-hCDTkm* &mA V fc 7 y V / # 

$ etc ±m<D7yuj— )io7kmm&x)}s*>Mhw%mib^fcik'&m-efo 

5 «7K*XX rJHh 7 7 k 7 - JW^, 1 9 9 4 Chiang S^ioTfg^^ 
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tlfc (Chiang, L. Y. ; Wang, L. Y. ; Swirczewski, J. W. ; Soled, S. ; 
Cameron, S. J. Org. Chem. 1994,59,3960) „ 

mi QMU, m^jk^KDy^ l/y-Jl/R«7K$X7rJMb7 y VJ~)b<D 
-^^^^ (D — M £ ^ b Tc h <D T $> & . 

&7UK£>-S-J&7j}£ (Long Y.Chiang et al . J. Org. Chem. 1994, 59, 3960) 

(oh) „ m^iitMisstiii, WLWtTkmx-x^Mby^u;-)], 
c 60 (oso 3 h) .Mjjsns. 

^-nx;i/7}N>mMJ3g (Du Pont ttS© Nafion(R) fcg) CD .fcS&r/n h > (# 

&f£, it^mm L^y°U h yfeMfah VX, H 3 Mo 12 PO 40 - 2 9 H,0 J pSb ! 
0 5 - 5. 4H 2 O&£c0#< ©7KfP7]c^j#^#U ^^^m^-^mfb'tlfe^n 5 

^^x^fc^:atix7A^n-rv^7K^i:i§-g- okmm&) vxy°ub >itvtc?K 
D^V — <7iW ;t> (H 3 o + ) co^-^y - ^A-r ^->cd^^ 

nTViS,, IP*,, Ybf H-^bfcS r Ce0 3 &2©^n7^*^ hiSSf 
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ftfiSA^I €f S £ V> 5 Pal jffi^T&t ^ofcc 

y-;i/^7°n h>lHitt^^t^t$lttlL> 1 - 2 0 4 0 3 

#is 2000-05811 6mz&^xmMfty°u b>&m& mr, ^mmm 
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^<DM&n, (i) m^^-^u y^fmm^ yn 31 vmm&m 
\zm<tfzwvx^z>zt 0 (2) mzm^-Dt^mi^mm^vx^m-t. 

milSiJ&TtSit. (3) ^DhMsilSH^mttS^ii^SH, 

So tox, 7°u h >fc.mm\z&rtz>7°u h>mmv-( b^m^m^-r^hiz^ 

— JKD^^mX'U, 75- U>ft^^<D7km^<Dtt1}UlZ&^X, 7=y — V>ft 

^ © (D mm & ^ssit^m & » *r s £ t \z & . 

u>mmfa, 7°u b > fern fa, muiz^n&m^tcmm.ik^n^ Ts&mm-rz 

Z\ hi \Z 3& %b o 

i^st, mm7^-]y> / ^^m^^mmm^\z7 < 'ub> (h + ) apsm*© 

S^iAtX&577-l/>ii#^W§, !7 7- l/>i§z|(#: (Digits 
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-l/>^^^«JJic-r^M*M : ?^> 7°nh> (H + ) MitttOtulBS^^T^^ 

cut?, *5fiKfc*W-* r^°n h>»^|tt(DSj £R*, ^Dh>^lll:i0 
8IIttL#S , &fl££j£i*L, £fc r^nb> (H + ) ttt, 

^^o&m^^y bu—)vt^z.^-m^sm^is.x). y°u by^mumzmvrcm 
> ^ ^ ^ - v y t. k & £ § 3f # m<t -& m & vt z> m m & © m x m % % m * § 

(Dmmfct, yuby (h + ) i (D^mm^m, fc&m 

i^ixt, z.n\z.&'Dxnt>nz>y u ywmfcomwtm&mmm 2 o^m 

7j& (RT, *56W©SB3©«jt^ffii»*rs. ) %ll«tS'b0lfil55. 
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/\utf>ik? ^-uyttm^T, y°ub> (h + ) mmm^m^^t^^mmit 
i§r m & 7 ? - v y % \z. m a r s t # \z 7 ? - v y m & m m m * t m & u x 

I^Ml/TViSOT, y"u h yfemom^-l KOfiIRtffi**filffcn> 
© « *!> * © m-& \Z £ o T +— # K: 1ft «fc D » VMW* £ ft* Jfc*T *> £ fc ***T! 

&©T&£o 

©:7 9-^>»*#tt, ±atfcj:5ic 4 mmyu by mm'\t(D 

ofc&y\z&m<D±%\,mm*MJ&^&Z\£1)iX&&. 

C7"nf>W^»§^t^f§ 0 ^ft^<D5^, #§§0J©3g l 07n 
#5BW©aSlRtm2©:7 7-lx>»i»#:, tMlTO2 07'n b>fc 
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^07"nb >fe^#^Tf3 (1) Xte (2) (DmmfrZtSiv 

(1) r7^-l/>^ ^MtS^ilft:, 7°nh> (h + ) 

(2) 77-l/>^fSMt§R*^C, 7°nh> (H*) 

mtzm i o^sftEat^AsnT&s^^— v->«##©*ss[«^ n§2 
m 1 m\*s *mmo& 1 r#s&2 (Dm&jj&'vn ens 7 9 

s y - v > m m fl= © #J § ^ b fc #| jg 0 T * * o 

l/> tLT07'yft77-l/>CW^bfc0"C»S. 
§77-l/>if#:0{!i|$SbfcITS§. 
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<5 o 

fgl 0 1(1 *5fiW©SB10*»«IKifflV^fc7 5-^>IJI##**^V'!y h© 

mi i mi o mizmvtcw.M^uy boy'u b >tem&<DM£.tizw&& 

mi 5AH*,krfll 5BK1 77-W>^0ijii^fe5 o 

mi 6 ^^-^^^^^©^^^^©Mit^^^^bfeHTr^^o 



*55WC*5ViT, 7'D b>»gltt©X©«A*f#i75:^«#:tLT©7^-I/ 
36> C 60 (mi 5AB#I) > C„ (II 5B0#Mi) > C 7 6^ C 78 , C 

*^3J©7^-l/>^«f*©^Jt^-©®it77^^^0Jt-S o 
>C 60 X„££/£U COAtiy>ft77-l/>i*«fl5«MOHi:SK« CMS 
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tt©S (^tf-OH, -OSO3H, -SO,Hf) yah>^l#: 
tLT©77-l/>li#: (C 60 (OH) „4>> £ft£HMS^XJl/*>>fbLfc 

c 60 (0SO3H) „m) <Dumi3mx&z> 0 

:/n LT077-|/>W (0»J*.fcfC 6O (SO3H) 

Hu'TftffltSADy^XIt 7y$If (F) , itPStM? 1 (C 1) Rtf 
^sUM^ (Br) ^6&5i,fcDIH:nSAny>S?j5tjffSl,^ i&T* M 

c©An^>ft77-l/>tLT« 7 yd; 7 9 — U>%.tfffi.i£7 7— U>%m 
4lSJ&££i;S<, *©&H&KJfciS:©J0irts«C — F>C — C 1 >C — B rTS 

l§2 AIH7!/Sfi§2 DjH«7 ^ — l^>#^©Aoy>fb©$|£;^Lfc : b©7?& 0 , 
m.fc7 ?~-VyBLT$9kfc7 ^ — VyomCwC \ C 60 Br 6 , C 60 Br 8 , C 60 C 
1 24 > C 60 B r 24 £^L7tfc©T&£<, g§ 3 3 CHIt 7yft75-l^ 

>©#ijC 60 F I8> C 60 F 36 > C M F 4I (C 10 ©i^(iIfC, 0 F SM0 ) £^Lfcfc©7? 
^ne»©AD7 i >'fb7^-P>«> UO^tti^tbt^tl,^ 

_hlB7Km'fb#fMOHX«_h|B3BMm^M 2 S O s fc&tf^MteL i> NaM 
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JhfE/N a y>it y JhfETkM'fbt/ h (DKJfcU o - S?^ n n ^ >1£ 

^)1&&Z£J\/^ (A 1 C 1 3 , F e C 1 j> TiCl.,f) <Z)4>&< £t> — 

:7j£§s2inbfc fe©/^\ H^£?£LVio -kte;w X^MIfiUcteA 1 C 1 3 , FeC 

1 3 wt i c 1 4 £ omitn&mm&m^&z.iitf'e^&o 
muxtewuTT*±m7i<.m.fcm<D7kmm— ±ibmim© 2 5 z. t. &t 

OSOjHft) Xtt'J>liaoTU>IIft (-OPO (OH) t it) ts^t 
£7c> ±fE©£5ft;£3gBJ3©fg2 ©$HSfi:£&fc«k'3T#5ns#3fciJJl©^ 1 © 
*§S^©ffl2 ©M3£7j&;«> ±^L.fe<fc-5 75:*SIHJ<D^ 1 ©M^2£lc*^V> 

>»«©_LIBS^wr?>5f«®^#At-^> h >fcmfothT<Dy?- 

m © m 2 © sg it^ m -cmm m % & )v << y tw \z m m $ n § ^ * *> © 

T«&<> #!J^T£&£>«\ AlClj, FeCl 3 WT iCl, «fcD»fcTn* 
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±my°u h >^mmvn^>±Bm±. -oh, -oso 3 h> -cooh, - 

SO.HW-OPO (OH) j^SftSiiOltfnSfeCn^TJ;^ (RT> 

mm) . 

i4Ain ^mmom 2 ©lig^cD^t, ^nt £ o#<&n& c 60 (Ar 

-OH) sCl^b, £fc> ^4 3 0^^^4 0 0^, |WIl!£LT#e>n3 
C 70 (Ar-OH) 10 , C 60 (Ar-OH) „ ^St„ #iJ^U£> ^x/-;i/|b$n 

(D^^mit^^xD^mmm^mxv, z\n\z£-oxnBn&y ?-u>mmfa(D 
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££-ffrVi moms, tfv^-iz&mfcKufrym^&mfeWtiy^—uyfr^ 

M/KT£&e>«\ A 1 C 1 3 , F e C 1 3 RtfT i C 1 4 ^5&5i«fcDl 

&jav>nfc£, watc^n h**^*rc:t*«"PTtita:*. 

D n A r ' S:tJCAr 2 teSVMClH— <D^V < «I&§iiXttiti07 U — JVM 
^r^^T5?i->tbT0±Sl2 0fSM^©ilH fl^iU 

9 — V>»##e, ili, #2 AH73rS!S2DigRtfS&4ABI7S£aS4CHfc 
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£©:£5i§ej©fg2 ©7^-Ix>M«#:T?«> 1 08*.fc£:7 

V*. ft3*5$2 KlfcHT, n, p' Rtfq* « 0 ~ 5 6 Itfn§ »T £ 0 , A 
r "'Rtf A r 2 '«SVi^|WI — < liift^IiXiiiliOf f iSTS D > 

*jfitt, ffc^3£2 fc&ViT, Ar''Rr;Ar 2 '^iti©fe0 ($! x. fcf^ >if > 

is) fcise.ns^#fe©T?«^<, «&tt^>*g>mte#«K&ixtt-£nfi* 

±mm&fcyy-u>mmm%, ±mM2(D^-m&&ftvx&wt<D±my : 7 
*^sj©si i Rum 2 ©^ ^— i/>M#f*&c#jn£nT^&7j<^*cD$fc j ^© 
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mz-it. ^mw&m i (Dmm^m\z&^^xnBn^y^u/~)i^m6 Am 
$ 6fc ^mm<Dy°u b >MM&omu±m<D7km.mjfr.tfx)v*>mizm.zn 

-g)^^fe(D-e«/^< , §73: £>fcf, —OH, -OSO,H. -COOH, — 

SOjHRtf-OPO (OH) 2 J;Dii«n5lTS5o 

^—y>&mmfei: VTmmT&fr®, — -Doy ?-u>tt^q>iz&< ©ohi> 

S 0 3 H»*3J;tK 7 j<:^»^#^#^S#©i{>7d:< tfe-^O^n h>Mtt<D* 
£fc> 7"nh>£lttil 7kMmzWXT7s)i*>M%y7-u>frl L (DMi& 

mmm^izmA^tctg, ^vmrnttzZo 

y=y~-V >ft^^(D7kWiMm(Dtt1}m%:M^~lr #6^77-1^ >!§*»#: 
©7°n h>e##'f£«SS<73:D, mmm&<t£Z> £<hfc&3^\ <£> If! 2 co 

3itJg£i«a£>§ :t j5«W mt: 73:§o 
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*tfet)t>s mimt, i2ii, ;:n&©sir B it:»t$tife7 f Dh>fs«# 
i & s & § v^t, -e © y a b >mmi$ iz^mmom ix»i2 

^(DMmmmiz&tf&y'u b xD^mte, %i m\zm^M\z^t^^u^(n 

3 i(DP H 1^^j#$ti> MMhTc y°u b>Um^KWJjfalzfc^Tm 1M2 

map 5 $ 2 s 3 «^ o 

MflffcteU M2«T«IAP 1 2 tf> 5 n, »(HP13 (Jin 
ttaKWfeVMli:*)**. ) A^iBSnS. (H 2 ) 
tSMfc^n b>&m±h, z\(Dy°n b>t£7u h>fi^Ml^4Lfc^D 
h>££fefcIE4l3ffi!l'x#IfrU ^CfiAPl 6^5SiEKl 7fcft»SftT# 
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z\t^x^, %f C y ?~v>mmw(D7km. : &m\z£.z>Wk<Dmmik%:3i 
>fcmfotmu(Dy°u b>{Km-\<k&^nTz>zttfxi5z>* 

fc*3, ItiBR^tfJftLTtt, 7°n h>CD^«tt^T^§fc^Pl« (75- 
-2) o 
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^Slt, 1 0 0 umfrZ 1 nm^tl<tt§. 



m j£# & r & -r 

sunn *asei!*«affi^r«Bft:7K*-a5t««i*^Lfc«b©T?»«. ^n«, 

i^«*6&5^n h>^##:) 2 0 *IWfcUlEA/T?**«2 1 t^S2 2 i# 

^n>«2 4 b ±^^Jlh 2 6 a, 2 6 bRtft7 b 2 7 a, 

2 7b(CiD@^Lfcfe©l!, 41)}>6^II:**i'J-l«2 8a, ^II'J- 
F 2 8 b«DtB$ntVi§. 

jgj^rsojwsbvi. tt3 i £M3 3 

PBfcJu #XSry b 3 5 (CO; D»»SnT^*. uOl^f/HXTft J£ffi 



WO 02/051782 PCT/JP01/11352 

18 

A'-fXfefil 3 8 hjEU4 0 £©ffltra«, tfXtry b 4 2 CkoTl^nt^S. 

<AD^>ft77-l/> (ll&ffiflO ©^^i> 

£©-£-££«:, 3CiK (Paul R. Birkett et al., Nature 1992,357,479) 

7?-V>ft=f- (C 60 ) t^fft (Br,) &IH*frfcift*tf»Tr£ji&31f:T, ^m© 
^^©^fb^#)^^^Ufe (JR^5« 9 2 %T?&ofc) o £©£/&#J©F T- I R$J 

ai, zofcm&f&i&tf&MmM'e&z>Mik7 : 7—u> (c 60 Br 6 ) tmm-zti 

<77-l/>ii* : #ij*lft7 7-l/>0^|jtl> 

±BR*T# 5 nfc A n y >ft 7 7 - W > (C 60 Br 6 ) o-y^nn^> 
if> (ODCB) KJK^tMliLTA 1 C 1 , SttlfeM/^I^, 
&ia~FT?7K&fc<fc& (NaOH) # U Tkttfls 7 9 - V > (7 ? V J — 

)V) (C 60 (OH) 6 ) S#7co 
<7^-I^>»*#:*II^Uy b<DUm 1 > 

±lEMfSt#Bnfc77!/y-iK5©*9 OmgSiO, igl 5mm 

«£<J7 0 0 0 k g/cm 2 ^^ofeo ^©^^, CC77k;-m*(t A* 
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ZL(Dl^J$,\t., JCffit (Olga V. Boltalina et al., J. Chem. Soc. Perkin Trans. 
2, 1998,649) §##CUTffofc. 

77 — V>ft^ (C„) 2 5mgiMnFjl 2 OmgO^IIZ^iH 
(ft^3 0mmXEi5mmT, JtS?^£#mT^&) fciALT, ±fiB— y 

TO. 5mba r©ffi*Cb, 3 0 #ftT* 3 5 0 "C ^TiPi* b , £©^Jg£24 

T- I RSf^&fr o7i<h £3, ilBSClK^^^tlTViS C 60 F 36 OIRX^^b 
^iBg-KU, u®a^f*^gWtHT£§, 7yft77-l'> (C 60 F 
36 ) £flSBS£*lfc (4X3* 3 0 90 . 

<77-k>ii#: : # U *BMb:7 5- P 2 > 

±B<07yft75-l/> (C 60 F 36 ) *±tao^ 7 - 1/ > if 1 

«©^^T?5aab> u#«ft;:7 9- C7^w-;io cc 60 (o 

H) „) £#fc 0 

D^bfc?^ V J—fr-fr^Vv Mbbfc, ^-CD^l^y MS 3 0 0 

<7 7-U>I!t# : ****X^f ^ (^X7stW) ©-£-J$3> 

£ CD -n , 3t ttR ( Chiang, L. Y. ;Wang, L. Y. ;Swirczewski. J. W. ; So led, 

S. ;Cameron, S. J. Org. Chem. 1994, 59, 3960) LTfTo fc e 

±fB:7^—]/> MS 1 T#5nfe7 7l'y-^Of* 1 g & 6 0m 1 
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•tirfeo Z<D£? fcLTftSft&t&JfcCDFT- I RM££fro <h H 3 , ± BEX UK 

hJPiSML, £©fft5f^@#J$3W (C 60 (OS0 3 H) 6 ) TfeSi, fl£& 

mmCDpa^^l/^ M£fc&££-5 \Z — ^Jj\%^(Dy°U7,&ft ofc, £ © R# <2 7° 1/ 
Xffitelft7 0 0 0 kg/cm ! X^^feo -^©fi^ £<7)ifft5fcteu AM >^-® 

^cD^sl^y httJp^^ltJ 3 0 0 tim^, Z.n&mtMM 3 (D^ V y V 

30ml 7^ w-;wctt#nLT^&7]c^£— ^xx^;Wbb7Co 

-^^Mm7K^XX^;Hb^nfe±IS(D^U7jc^'fb7^-l/>©^* 8 Omg 
T^tl 1 5mm0Rf^V^ h 7£ £ J; o \Z— ^^^(Dy" VTs^ifji 
Tco ilO^©7>^JEtt|?)7 0 0 0 kg/cm ! T$ofc 0 ^(D$£$k, £<7)fft* 
tt> AM >^-&fIW£ — ©^S^V^CfeHt»e»«^'ffi^®nT^D, fit 
MfcTS £ i/O^^feo Z\(D^.Uy bUm%hftm 3 0 0 ixmH\ Ctl&m 

<An^>ft7 7-k> (ffrMO (D^rfZ 3 > 

£ CD'nj&teU iSCfift (Paul R. Birkett et al., J. Chem. Soc. Chem. Commun. , 
1995, 683) £#5#£LTff^7Co 

%i^>f>6 0ml4 , t77-l/>7>f (C 60 ) 546. 6mg^t?J§^(C 
^#^>if>5m 1 tf lZ3^m-mk^} 1 5 Omgmil^illPlfc. £ <D 
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>"T»b, 6 0tS«bL ffiTJ^O. ImmHgStfiELT, 

iSnfe^lOFT- I RSJ^fx^fctCS, ±ES:ittte5r*nTVi*C, 0 
c 1 6 © I h^tgff-su, n©«Sft*«BW*K*c»*ii['ft:7 9 — V 

> (C 60 C 1 ,) £fl&§g<**i;fc. 

m^ntc±m/\U^f>^y ; y~]y> (C 60 C1 6 ) ifiTT, MXUMl 

(A l C l j) ©#ffi~F, o-i^nn^>-{£> (odcb) 4<ir^x/— ;i/ 
(C 6 H 5 OH) t^jsfr^it, *©fe*iLT77-W>aii#C M .(C,H 4 OH) 5 
C lXiiC eo (C 6 H 4 OH) 

£©:7 ^ — l/>lfS#;©ift* 9 Omg^i D, tgl 5mm©Ri^l/ 
y htfc -5 tc— ^iRj^O^l/^&ff d ©f$© ^l/XJBE«iS$ 7 0 0 

0 k g/c m 2 T=^ofeo -¥-©J^m, ^©#U*Bftft7 5 — l^>©»5|5tt, AM 

<77-l/>i##: : H7Jc$X^t;1/ (^XXfJl/) ©£-J&6> 

75-l^>SS»#:O^5T?#fc77-l/>Ili#C, 0 (C f H t OH) 5 C IX 

«c 60 (c 6 h + oh) 6 \z^mmm*nx, yy-uymmmzuiw^x^^T^m 

l$iTX7fJWtLfciu5, 7 7-1/ >if #:It7fciX7 r C 50 (C 6 H 
4 OS0 3 H) S C1XBC M (C t H(OS0 3 H) 
<:7^-l/>i§>H#: : gtm7K^XX^;i/^*^l/y b©§8ii 6 > 

Z\(D7 "y — U>mm^mmy\<mx.7.^)l(Dm^7 Omg^tO, 5 mm 

0R^U7 £5 fC-7j7jlPl^©7 0 l/X§fTofeo i0^fCD^I/7E 

ra7 0 0 0 kg/cm J T^ofc„ ^-©MJH, £©t&5f*tt, AM >^-WJ|g# 

•V^fco ZKD^Uy b\Zm&ftm 3 0 0 um7:\ Ctl&mMW 6 ©^ W v h £ b 
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(C 60 C 1 6 ) 1ISTT> jHXfttl (A 1 C 1 3 ) cd#^T, o n 
n^>if> (odcb) f T!i/i/;i/^/-;v (c 6 h 4 (oh) 2 ) -e 

©g«iLT7 7"l/>gf#:C t0 (C 6 H 4 (OH) 2 ) 5 C lXHC t0 (C 6 H 4 (O 
H) 2 ) 6 ^#fco 

y h^^fd:§d;-5 \Z.— TjT^lRl^O^I/^Sffofeo £©P#CD7/ I>XJEte&l7 0 0 
0 k g/ c m 2 77&ofco ^<Z)ia^, ^(D^U7K^'fb7^-l/>©l^5S«, AW 

77^— l/>^S^O^^6-r#fe^^-l/>M##C 60 (C 6 H 4 (OH) 2 ) 5 C 

ix«c 60 (c 6 h 4 (oh) 2 ) 6 izmMmwt&toz.. yy-vymmmzmwhx 

60 (c 6 h 4 (oso 3 h) 2 ) s cix«c 60 (c 6 h 4 (0SO3H) 2 ) sfimznrco 
<yy-uymmi^mm7m^x^)vmm^uy b(Dmms> 

^077-^>ii*it7j(*XXTJl/©»*7 0mg£<hi9, Sgl 5mm 
OHM^Uy h%l\Z?3:Z> £0 \Z— 757jfpa^s©7/I/X^ff ofeo CI © Bf (D 7/ V X IE 
BIH7 0 0 0 kg/cm ! ?$9L ^©ifg^ £0^«, AW >^-#J|^ 

aC o 

<)\u>ry\ky=7-vy (fuIE#0 <Z)£-j£4> 

7 7— 1/>^^ (C 60 ) 1. 76g (2. 445X10 - 3 mol) £ C o F 3 1 
0. 9g (9. 405X10 - 2 mol, 38. 5 e q. ) ~RZSN it (Ni la 
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c o, fe^t!3 - 7 Mm) 4. 2 9 g (7. 3X10 " 2 m o 1 ) 

ibt*^&5Kf0f m^X, 0. OSmbar^iEl, 3 B# 

f^l!2 9 013 (1. 3TC/min) STiBiUfc. 2 8 0t:ST»Lfci^5 
~d\ 8 0mbar©7JW>ffStXlfc. &V>T> fi^2 9 0tS?lbfc 

-hlB^SS^MS-Cb^b, ±gBWSg*fc*«bfcK^£fifc4fc : C ao F 

1KS«1 . 3 8 g (JR3&3 7. 2 %) T&ofco 

Mass 7.^7 h;KMALDI-T0F,4-h Hn^i/in^i,^r^ r/^E — F) : 
1537. 6(C 60 F 43 ), 1518. 5 (C 60 F 42 ) , 1499. 6 (C 60 F 41 ) , 1461. 5 (C 6 
0 F 39 ), 14 2 3 . 5 (C 60 F 37 ), 1385. 6 (C 60 F 35 ) . 
IR 7^7 h;KKBr) :1621w, 1166. 3(vs, (C-F)), 1134. Kvs, (C-F)), 877. 1 ( 

w), 571. 1 (w), 595. 1 (w). 
UV/Vis X^^hJK^f l/>^n7^F): 325 (sh) 
< 7 =? — V >mmfe 9 > 

±SAny>{b7 5-l/>©^4fc^i©^T#5nfcC 10 F 4M4 (1. 3 
7X10 " 3 mo 1 ) ^y^XCDtiCTNajSO,?. 65g (46eq. ) t 

nujjftsnfc. 2icDs>6S'&*©iB«i»:4stfti»*'r«fc8e>K:, iiittT©* 

i*te^U*y;H8?fciibTl»»bfc. ^^>3£$l£§ (Mitsubishi Chemical 
America Inc., Daion TJ^^-^^^tfli SK1B, TJ^AS^ItJ 30cm) fcjlbfc^, 
zR£H&5cb7c£: H#=©^:«»j5«IR^b<tt»V^fe©fl:-&*C, Q (SO, 

H) n F m (n = 5~7, #>Jx.«6, mttl 0-2 0, WAEtiftl 5) J^#£>fU 
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jzm%Bnrdh^mc 60 cso 3 h) .f.s, mxtixwubm (NaOH 

m) fcMfcKfSSH:, 77-l/>if#tbTOC t0 (S0 3 H) „ (OH) ffl ££ 

£fc±WBC 60 (S0 3 H) „ (OH) „ ^IXfJWBLT77- 
k>ilftttT©C 60 (SO3H) „ (OSO3H) „ &2S"&j£*rS2:£:*>T»rttT! 

y b^(cfj:§d:-5 fc — ^Ifi^CDr/l^Sfrofc. £ <DB#© 7l/XSttU 7 0 0 
Okg/cm ! TS^fc. ^©7 7-^>ii#:©Wtt /t<>^ 

<m&4ty^-u>mmfe<D&i& 1 o> 

1 12 ^7i/-^ (C t H t OH) &^E:7n:-;i/£;i/-r Xtii (A 1 C 1 3 ) © 
>Wimfo (C 60 (C 6 H 4 OH) ^tl^t:^x-;^T^-& 
^Jfifll 1 0 CD^ hitfc. 

iD> H^l 6mm©TO^l^y h#cfc&3 J; 5 (C— ^^^]^(Dy"U7, £?to fee 
:®^©7W)I}i»7 0 0 0 k g/cm ! TS^fc. ^(D%£%k, Z\<DB^\%, 

n < > ^-m^ — k^- s & v^c h t> s k m~? <nx$> d , w 

Z\n&St&M 1 O^l/y h t 

itmofc&s t£ 5|5 & £D CO -g- $0 7j &c (Long Y. Chiang et al. J.Org.Chem. 
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1994,59,3960) t»0*^T, C 70 &m 1 5 C 60 / C 70 7 =y — V >m&m<Ofh 

*2 gM«t3 0 m 1 ifCiSi;, ii«*1?5 7t£f6^)5^ 3 B HQ 

4 0 "C^TMffi^lT^^^iirfeo £ C> fc, £ OftSMfc £ 6 0 m 1 O-T ^- >35^tR 

fc^&CDtft^CDF T- I RM^^ff ofci ±WB^:mfc*$tlT^§ C 60 

(OH) , 1 0IRX^^b^iSg-tl > C^fft^^U 7kgHb:7'7-l/> 
(C 60 (OH) 12 ) t5tP$tlfeo 

0 0 0 k g/cm 2 -T^ofco CCDtfDzkSfefc 7 5- 

^Wy h ^#b^iS^ 1 5 mm<DT )IZ ~V ^U-V^tn^tKD^U y h CO 
Mi^K^, cnt7MHz*50. 0 1 H z ST03S^t*ffi (tgiff 0 . IV) 

xsssisiteu m^wfcte, M9Am\z7]kvtc£?f£mffim$&&mf$.VT&fy, 
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M^Ofc! — y>7, Z Z = Re (Z) + i • I m (Z) T^Stl, 

ntz-fr^tco ^mzit^x, nwm i om&u, mmmmftizm : ¥xn&z>&, 

i/0^^^o 1 (D^Uy h\Z&^XUs 43*3^^- 5 X 1 0" 6 s e c . / c 

m £ ft Jf It, ^M#ij2~l 0©^l/>y Mro^T i fe|WI#CD$i]^£fTo 

b<D&mm (2 5°C) &^L7cfeCDTrfeDs ^J^IfSlftltli5 
XI 0" 2 s e c. / cmhf£-DX^&o 
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311 mB frfc&o fc, 7KtS^o s o 3 HS^ s o 3 HSt;tttto§ t a 

3 hs^ s o 3 nm<Djjtf7km<Dmm-t)mz vg,^ z tiz&z^cD-nm&o ^*rn 

&mm<D m ^ w n x & v t & ^ fc . 
mt^y i h sffiv^ ±ta©«^-r > t?-y>^M^^r i 2 o°c 

jut & y° u h >mm& (DM(Dmxm^nmxitm^^>ha-jvr^zt^m 

£fc> *mm(Dyy-u>mmt¥(Dm&-jTmz ^-oxn^n^y^-uymm 
m$, m^y°u b >fcmvk&m»ir& z.t^x^, zn&mmvtc&mmoimm, 

t^z^^m-v^^o 

&,±.commzmrs^, ^mm<Dm* <Dmm^^MM&^m^mx & & z. turn 
s^-e&^o ifcibT, sit <d & v—K(Di%m ommiz&^x, ±u<Dmmt$. 
mm \z%> w-s mmzkn-vrnMi: & z. t. ifi-^m-v % % o 
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Ar 1 — (CH2>F-Ar 2 



— Ar 1 '-ftH2) i rAr 2 ' — 
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mi) 





7 y—vyw^fc 


( s e c . / c m) 


mnmi 


Ceo (OH) 6 


5 X 1 0~ 6 




C60 (OH) 36 


— 




C 60 (OSOsH) 6 


9 X 1 0~ 4 


HM$I4 


Ceo (OSOsH) x (OH) y 


2 X 1 0" 5 


MMM5 


Ceo (Ph-OH) 6 


2 X 1 0~ 6 




Ceo (Ph-OS0 3 H) 6 


4 X 1 0~ 4 




Ceo (Ph- (OH) 2 ) e 


3 X 1 0~ 6 




Ceo (Ph- (OSOaH) 2 ) e 


7 X 1 0" 4 


mum 9 


Ceo (SOsH) eFis 


4X1 0 -3 * 


mmm 1 o 


m^bCeo (Ph-OH) 8 


3 X 1 0" 6 
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mm a u^>ity^-u>t 7m^x\^mmmm t^^^t^ig^gt, 

2. ffrwBAay>iCT^\ ^>y*M^ (F) , (ci) ^rmstlfi^ 

(Br) ^&75;^»m: vm\tti%>;\n>f >W,^X$>%>, it *<Dggffl|g 1 ^fB«<7) 

4. fufBMOHfcd; VJkMfc? fufBM 2 S o 3 J: V)X)l<*>ik7 

5. tai37K^^y ^— I/>OtK^S^M^, -OS0 3 H^irf-OPO (O 

h) 2 ®4>&< th~jjiz&fc-rz>, m^ommm4mmm(D7 7-u>mmfo 

6. mmy^-Uy^t LT, Wl77X^-^fCni (m=3 6, 6 0 , 
7 0, 7 6, 7 8, 8 0, 8 2, 8 4 © 5 £ © ^-ftl/^Xte^ ^ x ^ — ft^ 

^^nLTtfriBMjs^ff -5, m^ommw, i mmnoiy^—uymmfcommjjfeo 

^WB«(D^^-l/>^##:<D$i3t^?^o 
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1 31 IB m CD -7 9 - V > if ¥ ft CD © jfi 77 & o 

l l. 77-l/>»ftAn^>gf t*EjgStTAny>fli77-I/>*4 
S£L> j»BAn^>ft77-l/>i, 7nh> (H + ) MttcD* S^r # 

h> (h + ) ^(BttcDtfrflBX&^r-rs^SrSftiaEsaiix-r*, y^-vymmwoi 

l 3. tufBAny>M^^\ y^rnm^- (F) , itiSJ)^ (CD Rtf^SSJK^ 
(Br) #&&S*,fct)»«nSAD$*>JR ; fT?»S, BffSfcCDiSfflm 1 1 TOft 

cd ^ 5 - w > m m » o « m tj & . 

14. mm7u h>*BM&(DmmM&, —oh, — OS0 3 H, -COOH, 
-SOjHSO'-OPO (OH) ,^5a*»J;DaBn«iT»5, BisRcDttffl 
mi 13SfB«CDy ^-l/>ii^#:cDSa5t7j?i 0 

1 5. fulfil 5"l/>^tlT, W^X^-^fCm (m=3 6, 6 
0, 70, 76, 78, 80, 82, 8 4 CD "5 % CD V* ffrlJfrXte:^ ^ X & 
£#fifc*rt6fc:g&8c) £fflV>3, gf^cD^H^l 1 JHB«cCD7^-l/>M^#© 
MB7j^ 0 

t?jbv>*> st^cD^H^i 1 mmmoy 7-u>mm®-(Dmmj]&o 

17. Xn h>e^#<i:bTCDtiifB7 7-l/>m##^^J^f W^CDfgBffl 

18. 7^-l/>^^^li^-r^»^*^^tc, 7nh> (H + ) «gittcD*&# 

19. tuf3-7°n h>§«ilttCDBufBS^\ —OH, — OSO3H, — CO OH, 

— sogH&tf— opo (oh) , •fot>uz>m&K> : mutiz>&~T:%>%>, m>k(om.m 

fgl 8 3«flBi6CD7^ — U>«f*#- 

2 0. tfiSB7^-l/>^T^^^M*^^X^-^TCm (m= 3 6 , 6 0 , 7 
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0, 7 6, 7 8, 8 0, 8 2, 8 4 (D 5 % <D WTtlfrJLl&9 =y X ^ — 

2 1. 7n h>fc3!J#£LTt81iB-r5, If^cDffiffllgl 8^13*0:7 5?- 
^b, ttffiAny>fls:7 5 — -7°nh> (H*) 

mmy^-uy^^mm-r^mmm^z, yuh> (h + ) a?«M£©t&«BS£ 

2 3. ;i/-fxm©#feTTtfrfBB^MjS^ff 5, W;3<©iiBI^2 2JSfB«©fi'£- 

24. mm/\utf>fc7 7-u>xuz.<DmMfc£s mmm 1 ^mmt^mik 

2 5. fffBBAn^r>fC^\ y^ym^ (F) , (CI) & <DC**J!§C^ 

(Br) frzfe%M£r)misn&/\utf>i%^~T:&z>, m^^mmm 2 2 mmm. 
(om&ik y - v >mmfc<Dmmj3m<, 

2 6. ftjfB^n h >MMVk<Dn!imMm, —OH, — OS0 3 H, — CO OH, — 
SO,HR5-OPO (OH) 2 ;fce>&§i£J: Dillon ff3}c<DfSfflfil 
2 2 31lB*<Da^^7^-I/>li##:C0i33t7j?*o 

27. ituwBig 1 (D^mmit^mt. lt, ©7f#?i^s&£y u-;wb^£ 

28. tffiB^ 1 <Dmmmk^m?t"tnnvfm%h it, ^^mfiow^o^^ 

#><Z)^Tffi^3, !»2&<7)ieaf§2 2^fB«Ofi-g-fb7^-l/>lH«#:CDig5t^^ 0 

2 9. fu§B|f§2 (D^mmt^mt. IT, fc#^3Tr^$n§7f#m[^#/£ffl^ 

f»^©ftfflm2 2 3SSB«©S^-^7^-l/>M«#:C0«it^feo 

3 0 . mmy^-U>^^LX, Wil^7X^^fCm (m= 3 6,6 
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0, 70, 7 6, 78, 80, 82, 8 4 (D 5 t> <D nfrJLU? =7 X ^ — ft=f- 

*mm^mfe&$%m m&<Dmmm2 2mmmom^t7^-u>m 

3 1. mn^2(D^mmi^mo^mmm^iYhx^(Dmmyy-v>mmw 

3 2. 7°n h>e«#:<hbT<DMWBS'&^7^-l/>M«#:^#§, gtJfcGDSSH 
3 3. 7^— 7ub> (H + ) 0Sttt©g£# 

t§i i <D^mn&&mAi<nxteZ7 7-u>&mft<D&&ffiifis wi,2<Di%m 

3 4. WiH^D h >§iitt©ilHi^ —OH, — O S O s H, — C OOH, 
-S0 3 HRO'-OPO (OH) 2 D8tfttSST?&£, HsfcCDlSffl 

f§3 3 3Sf2m©S^^^^-l/>M^#:o 

3 5. fuSHm 1 OffISW-©^f|^^5 7'J- ^afCft*, tt^COffi 
H^3 3^WB«©a^{b^^-l/>M##: 0 

3 6. mm7 7—U>ft^m$Vimm7 7X&-fr : ?-Cm (m = 3 6 , 6 0, 7 
0, 7 6, 7 8, 8 0, 8 2 , 8 4 © O % <D ^~mfrXUt? y X 4HP 

g§3 3mmm<Dm^ity ^-u>mm^ 0 

^bT#'J7- fb$nTl>£> W^<D|gHII3 3 3SfB«©M'&^7^— 

3 9. ^Dh>fi»#tUTiitS, »*OttH*3 35HB«oa^7 9- 

4 0. TIB (1) Xte (2) 0i^5&oT^5^nh>fi«#. 

(i) y ^-u>tt^%mi$-?z>%zmmi L iz, 7ub> (ho mm&(D&& 
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(2) 77-v>^f^Mt§MSft, ?nb> (h + ) mrnvkom* 

4 1. ffilB^n b >^j»itttOS^\ —OH, — OSO s H, -COOH, — S 
0 3 HRtf— OPO (OH) 2 ^e>^§fJ;Diani.lT?^5, »;j<(D$Sg||g4 

4 3. ftffg^9-l/>^^^Jf^^*^^X^-^^Cm (m= 3 6 , 6 0 , 7 
0, 7 6, 7 8, 8 0, 8 2, 8 4 <D 5 CD ^fn^Xtt^ ^ X^-^TSM 
BjHgftg^m) W*CD^ffl^4 0 3lfB«CO-7°n h>-g^#: 0 

4 4. fffW3ff§2 <D7f#5£S^\ ^#^5T^$nS5f#j^*^$»§, Ht^GDffiH 

^4 ommm<D7°u h>gifr 0 

4 5. tfriB^2 <D^mm^iY\^x&WL(Dm%z7 7 - v >mmfom=Kfcmzm 
mmm4 ommm.(D7°n b>fcmfc* 

47. usi, M2mt, z.n£0mmmfc&misnf£7°nb>fcmfo£frz 

J!C0-7 o n h>{5*#:^TWB (1) Xtt (2) Oi^6&oTVJ*t«ft 

(1) 77-l/>^f ^i^t^Mig^t, 7°nh> (H + ) ^gfHicoSS 

(2) 77-l'>^f§MT5KMfC, 7°oh> (H + ) 

4 8. Wm7ub>&mm&<D£lfi* —OH, — OS0 3 H, — COOH, — S 
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o,hw-opo (oh) l ^s^*»«fcD3iwm«3£*t?*«, m>R(Dmmm4 

5 0. ^ — l/>#^jWt#i£t*^ — ^fCm (m= 3 6 , 6 0, 7 

0, 7 6 , 7 8, 8 0, 8 2, 8 4 O O t> O V^T tl^X«^ ^ x ^ — 
pJfgfj:S^^) Sfj£(D$SHfg4 7^fB«<7)11M^er7l^X 0 

5 1. tufBfg 2 ft^6T$$n?)ftiSTc5§, if^©ffiBI 

g§4 7^fB«^m^,{b#5 :i V^MX ( , 

5 2. tiffB^2cD^#^*^^LT^^:cDMSB^^-I/>M##^H^7nW^^ 

^txi'jT- ft;£nw§, if^©^H^4 7 mmmomMik^^-f 
53. tutsan h >{ss#:^, ^nmz.muy ?~\s>mMw<D%hfrt>t£%>fr, 

4§Blg4 7^fBm©«^#^/t-l'Xo 

5 4. mmm 1 IR^2S^i3XtSTfe5, Si3}<GDffiHf§4 7 3KtBi££>^M 

5 5. ^«-mm<i:LT«^$tlTV^, fjf2&©|& Bllg 5 4 ^IBicCS^^/l 

5 6. LT*jfc£nTV**^ It^OffiH^ 5 4JSfB«om^'fb 

5 7. MIBH HXS^2l©5S-*mSIl?S^, ffd<©^SI^4 73l 

5 8. tufBSHS^^tfff3^2S©^75:< — 
©ttffl^4 7^fBm(Dm^i^#5 :J n-<Xo 



WO 02/051782 



36 



PCT/JP01/11352 



Ar 1 — (Cffe^Ar 2 

— Ar^-ftte^Ar 2 ' — 

— Ar 1 ' — (CH2)rr Ar 2 ' — 

(5£*K niiO~5^^1tftl5lf-efc!), Ar^tMr^teSV^C 

— Ar 1 '— (Ctehrhr 2 ' — 

(5£<=r\ nfiO~5^fc3BrfixS3e8fe-C&l9, Ar^tMr^SWc 
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Geo (Ar-OH) n C60 (Ar-0S03H) n 



PCT/JP01/11352 




C60(0H)n 

H2S04 

V 




C60 (0S03H)n 



WO 02/051782 



PCT/JP01/11352 



2/14 



2AH 




C60 (OH) 6 




WO 02/051782 



PCT/JP01/11352 




C60F48 
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HO-Ar Ar-OH 
C7o(Ar-OH)io 

OH OH 
HO-Ar Ar Ar Ar-OH 




Ceo (Ar-OH) 18 
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a -2. 5E+05 



N 

1= 



-2. OE+05 
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